Introduction
It was first recognized in 1873 that compulsive bursts of laughter could be epileptic in nature. 1 Almost a century later, Daly and Mulder 2 coined the term ''gelastic epilepsy'' in their report of two cases in which laughter was a fixed feature of the seizure pattern. A brief history of early reports on gelastic epilepsy can be found in Gumpert et al. 3 In 1971, the criteria for the diagnosis of gelastic seizures (GS) were established. 4 Gelastic seizures are rare; they are usually associated with other seizure types and can be restricted to a limited period during the evolution of an epi- Results: Six subjects (four male, two female) with sessile HH between 0.8 and 1.7 cm in diameter were identified. The onset of gelastic seizures was between 2 months and 20 years. It evolved to secondary generalized epilepsy in one case, and to drugresistant partial epilepsy in the other five from 2 to 13 years after onset. No patient showed precocious puberty. Severe cognitive impairment developed in the patient with secondary generalized epilepsy, and a mild cognitive defect in two others. Patients with an HH below 1 cm did not show neuropsychological or behavioural disturbances. Drug resistance occurred in all cases. Surgical removal of HH markedly improved the clinical evolution in two patients. Conclusions: Gelastic epilepsy-HH syndrome can differ in severity and evolution. A catastrophic evolution and drug resistance can be reversed by surgical or by gammaknife ablation of HH. # 2005 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved. leptic syndrome. [5] [6] [7] [8] Some patients may also have crying or ''dacrystic'' seizures. 6 Gelastic seizures have been reported, albeit rarely, in temporal 8 and frontal 9 lobe epilepsies, but the interest of this rare seizure type lies in its association with hypothalamic hamartomas (HH). [10] [11] [12] [13] [14] In 1988 Berkovic et al. 15 provided the first comprehensive description of HH and ictal laughter, namely, ''early-onset gelastic epilepsy, hypothalamic harmatoma and precocious puberty syndrome''. This condition typically results in a catastrophic epileptic encephalopathy, which is usually refractory to antiepileptic therapy, but in most cases it is reversed by surgical excision, [16] [17] [18] [19] radiofrequency thermocoagulation 20 or gamma-knife surgery of the HH. [21] [22] [23] Therefore, despite its rarity, this syndrome is of clinical relevance and an early diagnosis is important. Moreover, it provides a model for the study of epileptic mechanisms. 24 Indeed, GS originates from the HH, 20, 25 and the HH seems to determine the evolution to a refractory epilepsy with multiple seizure types, either focal (frontal and/ or temporal) or generalized. The latter frequently lead to symptomatic generalized epilepsy that mimics Lennox-Gastaut syndrome, and includes intractable epilepsy, cognitive impairment and severe behavioural disturbances. 15, 26, 27 Consequently, the epileptic syndrome described by Berkovic et al. 15 is also a model for pervasive autistic developmental disorders of childhood. 28 In addition, HH is itself the cause of precocious puberty and of autonomic ictal symptoms. 29, 30 The gelastic epilepsy-HH syndrome may determine a less severe epileptic disorder: precocious puberty is a not constant feature and, is probably infrequent. 31 Only some cases progress to secondary generalized epilepsy, and cognitive and behavioural disturbances can be mild or even absent. Thus, the severity of HH-related gelastic epilepsy ranges from a mild, drug-resistant, epilepsy in which GS are characterized by a simple ''pressure to laugh '' 32 in otherwise normal patients, up to the catastrophic picture described by Berkovic et al. 15 It has been suggested that this spectrum of severity is related to the size of the HH. 32, 33 The aim of our study was to re-evaluate our patients with HH-related GS, and to delineate the spectrum of severity and the evolution of this syndrome, also in relation to therapeutic options.
Patients and methods
All data refer to patients with epilepsy characterized by GS and HH attending our Epilepsy Centre between 1986 and 2002. Some of these cases have been reported elsewhere. 31, 33, 34 Gelastic seizure was diagnosed according to Gascon and Lombroso, 4 namely ''GS is a stereotypic recurrence of ictal laughter inadapted to context, associated with other signs compatible with seizure and with ictal/interictal EEG abnormalities''. The study entry criteria were: GS as the only type of seizures referred, onset of epilepsy with GS, or GS as the most clinically relevant ictal phenomenon for at least 1 year, and recording of at least one GS by means of video-EEG or by EEG and directly observed by one of the authors.
Patients were also investigated for other seizure types and their onset age. All subjects underwent at least one brain MRI with a 0.5 or 1.5 T superconductive magnet, a spin-echo multiecho sequence and T1-PD-and T2-weighted images, by using 3-mm sections, in axial, transverse and coronal planes. Another T1-weighted sequence was used after intravenous injection of paramagnetic contrast medium (Gd-DTPA) (see Ref. [34] for further information about MRI procedures). We defined an HH ''small'' if it was less than 1 cm in diameter. Interictal 99m Tc-HMPAO single photo emission computed tomography (SPECT) was performed in three cases. Adult patients underwent a battery of neuropsychological tests, according to our routine protocol.
Results
Between 1986 and 2002 we examined six patients (four male and two female) affected by HH-related GS. Their clinical data are listed in Table 1 .
MRI findings
Detailed radiological findings of patients 1-4 and 6 are reported elsewhere. 34 In all cases, HH was sessile and attached to the hypothalamus. The diameter of HH ranged from 0.8 to 1.7 cm. The mass arises from the hypothalamus, and is attached to the tuber cinereum, between the pituitary stalk and the mamillary bodies. The mass was isointense to gray matter on T1-weighted images and was variably hyperintense on PD-and T2-weighted images, with no enhancement after Gd-DTPA administration, thereby demonstrating the integrity of blood-brain barrier. The mass extended upwards and pressed on the floor of the third ventricle in cases 2 and 4-6, and extended downwards into the interpeduncular cistern in case 3. In patient 1, the lesion extended upwards and downwards thereby displacing the hypothalamus and distorting the third ventricle.
Epilepsy features
Gelastic seizures were the first type of epileptic seizures to occur in all cases. Age at seizure onset ranged between 2 months and 20 years. Laughter usually occurred in frequent, brief attacks, and sometimes recurred in clusters. Nevertheless, the epileptic nature of these episodes was not generally recognized until other seizure types occurred. On the whole, GS were not accompanied by a sense of mirth and patients were embarrassed by their inadapted-to-context laugh. Furthermore, laughter attacks were often accompanied by autonomic symptoms, mainly face-flushing. In cases 1, 2 and 6, rare dacrystic seizures were an early feature during the course of the disease.
Evolution
Gelastic seizures persisted throughout the disease evolution in all cases but two (cases 1 and 3) in which they ceased to occur after surgical excision of the HH. Within a few years of the onset of GS, other seizure types occurred in five cases: periodic clusters of spasms (i.e., prolonged episodes of spasms accompanied by generalized pseudo-periodic slowwave complexes, as defined by Gobbi et al. 35 ) in patient 1, infrequent generalized tonic-clonic seizures in patients 2, 3, 5 and 6, and nocturnal tonic seizures in patient 5. In addition, all subjects experienced complex partial seizures (CPS). Patient 4 developed CPS 13 years after GS onset. Interestingly, during CPS, patient 1 looked terrified and became pale, and in patient 2 loss of contact and automatic behaviour were preceded by a sense of fear. Patient 4 reported a typical epigastric aura. Patients 3-6 had autonomic signs, mostly faceflushing, during loss of contact. Finally, patient 6 experienced ictal or immediately post-ictal micturition. When contributory, ictal and/or interictal scalp EEG showed an anterior temporal or frontal origin. Gelastic seizures were drug-resistant in all cases, as was CPS except in patient 4. In patient 1, periodic spasms marked the evolution to secondary generalized epilepsy that included severe cognitive impairment and behavioural disturbances. Cases 1 and 3 underwent surgical ablation (by the transcallosal or temporal route) of the HH, at the age of 3.5 and 28 years, respectively. Laughing attacks disappeared in both (follow-up: 6-9 years). Patient 1's neuropsychological and behavioural status progressively improved, and she remained seizure-free for about 1 year during which the EEG markedly improved. However, CPS (during which the patient looked astonishingly terrified) reappeared and the EEG showed de novo multifocal epileptiform activ-234 S. Striano et al. ity. In patient 3, ablation of the HH only reduced the frequency and severity of CPS.
Additional findings
No patient showed clinical or laboratory signs of precocious puberty. All showed normal neuropsychological development and neurological status before seizure onset. In patient 1, stagnation was noted when she was 2 years old after which severe cognitive impairment became apparent. Cases 2 and 3 showed a mild cognitive disturbance. Interictal SPECT showed left temporal-parietal hypoperfusion in patient 5, and predominantly right temporal hypoperfusion in patient 6, which coincides with interictal EEG abnormalities. Findings were normal in patient 3.
Hypothalamic hamartoma/clinical correlations
Patients 4-6, in whom the HH was small, did not show cognitive or behavioural disturbances. In patient 4, GS started when the patient was 20 years old, and CPS started when he was 33 years old ( Fig. 1) . Seizures and interictal EEG abnormalities remained focal, and the condition did not evolve to secondary generalized epilepsy. Subjects with an HH greater than 1.5 cm in diameter showed the typical picture of early onset, progressive epileptic enceGelastic epilepsy and hypothalamic hamartoma syndrome 235 phalopathy that evolved to secondary generalized epilepsy (but without precocious puberty), and that was reversed by surgical ablation of the HH (case 1, Fig. 2 ). Alternatively, they showed the features of severe drug-resistant focal epilepsy including mild cognitive-behavioural disturbances (case 2, Fig. 3 ), which partially improved after surgical excision of the HH in patient 3 when he was 28 years old.
Discussion
On the basis of our observations and of data from the literature, a series of conclusions can be drawn about gelastic epilepsy-HH syndrome. Gelastic seizures originate in the HH. Despite recent claims for more widespread lesions, 36, 37 the HH origin of GS has been demonstrated by stereo-EEG recordings of ictal discharges from the hypothalamic lesion, 20, 25 by induction of GS by depth electrode stimulation of HH 20 and by ictal SPECT hyperperfusion in this area. 18, 20, [38] [39] [40] [41] [42] It has also supported by dipole source localization of epileptiform discharges. 43 Moreover, focal (frontal or temporal) resections have never resolved GS, even when associated with depth electrode studies, [14] [15] [16] 19 whereas surgical and gamma-knife ablation, and radiofrequency coagulation of HH resulted in good seizure control. [16] [17] [18] [19] [20] [21] [22] [23] Thus, although GS can originate from temporal 8 or extratemporal 9, 44 foci, in patients with the gelastic epilepsy-HH syndrome laughing attacks are caused by the hamartoma, and are thus true ''diencephalic'' epileptic seizures. 24 Early reports implicated the diencephalichypothalamic structures in the release of affective and emotional responses. 3, [45] [46] [47] Close anatomic connections between HH and these structures also explain the autonomic, mainly sympathetic, symptoms (e.g., face flushing, increased blood pressure and heart rate, and changes in respiratory activity),
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S. Striano et al. This case exemplifies the typical syndrome (apart from precocious puberty) described by Berkovic et al. 15 and hormonal changes that accompanying GS. 30, 40, 48 Surface EEG recorded during laughing attacks usually show desynchronization of background activity without (or with scarce) evidence of paroxysmal activity. 15, 31, 33 Interestingly, dacrystic seizures, which can appear early in gelastic epilepsy, show a similar EEG pattern. 30 The evolution of gelastic epilepsy-HH syndrome is invariably characterized by the successive onset of other (either focal and generalized) seizure types. Partial seizures may be simple or, more frequently, complex, and EEG and clinical data suggest temporal or frontal lobe involvement. Partial seizures may or may not be preceded by laughter attacks; surface recordings usually show interictal paroxysmal activity and ictal discharges, thus suggesting a temporal or frontal origin, and depth electrode studies seem to confirm this data. 26 However, focal cortical resections do not resolve GS (see above) and MRI spectroscopy did not show neuronal damage in the temporal lobes of these patients. 42 In addition, intraoperative depth electrode recordings failed to demonstrate interictal paroxysmal activity in HH, whereas abundant epileptiform activity was simultaneously recorded from the frontal cortex and scalp. 26 Thus, GS seem to originate in the intrinsically epileptogenic HH 20, 25 and then spread through the hypothalamic-amigdala connections to the mesiotemporal and orbital structures to produce focal discharges, and probably induce a secondary epileptogenesis in the frontal and temporal structures. It has recently been suggested that secondary involvement, both clinical and EEG, of the temporal or frontal lobe depends on whether the HH is connected to the mamillary bodies (temporal lobe cases) or whether it is connected to the medial hypothalamus (frontal lobe cases). 49 Generalized seizures with generalized spike-wave discharges usually mark the evolution to secondary generalized epilepsy; they frequently mimic Lennox-Gastaut syndrome and show the features of catastrophic epileptic encephalopathy. 15, 26, 27 This kind of evolution has been attributed to the anatomical and physiological connections of the hypothalamus to the thalamus and cortex. 50 Similarly, hypothalamic discharges do not coincide with interictal generalized spike-wave discharges in secondary generalized epilepsy. 26 Thus, both focal and generalized seizures seem to be extra-lesional phenomena that probably reflect secondary epileptogenesis. With few exceptions, also these additional seizures are drug-resistant. This unfavourable evolution can be reversed by means of total ablation of the HH; thus, the GE-HH syndrome is ''a potentially treatable epileptic encephalopathy''. 51 However, remission of generalized seizures may not occur until 6 months after HH resection, which also supports the concept that they result from a secondary epileptogenesis phenomenon. 26 The spectrum of severity of the syndrome ranges from the more benign form in which GS are described simply as ''pressure to laugh'' 32 to the more severe form with features typical of early-onset generalized epilepsy, HH and precocious puberty. 15 The severity of the syndrome might depend, at least in part, on the size (small versus large), localization (tuber cinereum versus mamillary bodies), type of attachment (pedunculate versus sessile) and degree of hypothalamic displacement of the HH (lacking versus marked). [32] [33] [34] 38, 52 In patients with gelastic epilepsy-HH syndrome, the hamartoma is usually sessile; pedunculate HH is an occasional finding or may be related to endocrinological disturbances and/or to visual impairment. 52, 53 Interestingly, during our study we found only two pedunculate HH, which were unrelated to epilepsy. Less severe cases are not associated with cognitive deficit or behavioural disturbances. In the middle of the spectrum are subjects with severe epilepsy and variable cognitive defects but without signs of secondary generalized epilepsy. Finally, it should be kept in mind that HH may occur as part of the autosomal dominant Pallister-Hall syndrome, in which GS is rare; 54 central polydactyly is a suggestive clinical sign for diagnosis. 55 Precocious puberty is not a fixed, or frequent sign in gelastic epilepsy-HH syndrome. It is probably more frequent in pedunculate than in sessile HH. 52, 53 In conclusion, despite its rarity, 56 gelastic epilepsy-HH syndrome holds great interest for epileptologists. In most cases, it is an epileptogenic progressive encephalopathy with a catastrophic outcome. However, in some cases related to a small or a very small HH it may lead to severe drugresistant partial epilepsy. Early surgical or gamma-knife ablation of the HH is the only effective treatment for gelastic epilepsy-HH syndrome. Thus, early MRI exploration of hypothalamic, infundibular and mamillary body areas is mandatory in patients with GS. In this context, thin sections should be obtained to ensure a good spatial resolution 34 to identify very small HH, which may give rise to drugresistant epilepsy. 32 Appendix A After submission of this study, a paper on the same topic has appeared (Mullatti N, Selway R, Nashef L, Elwes R, Honavar M, Chandler C, et al.
